We report population-based urinary concentrations of phytoestrogens stratified by age, sex, and composite racial/ethnic variables. We measured the isoflavones F genistein, daidzein, equol, and O-desmethylangolensin (O-DMA) F and the lignans F enterolactone and enterodiol F in approximately 2500 urine samples from individuals aged 6 years and older who participated in the National Health and Nutrition Examination Survey (NHANES) in 1999 and 2000. We detected all phytoestrogens in over 70% of the samples analyzed; enterolactone was detected in the highest concentrations, and daidzein was detected with the highest frequency. The geometric means for each phytoestrogen were as follows: genistein, 22.3 mg/g; daidzein, 68.6 mg/g; equol, 7.65 mg/g; O-DMA, 3.95 mg/g; enterolactone, 217 mg/g; and enterodiol, 24.3 mg/g creatinine. The 95th percentiles for each phytoestrogen were as follows: genistein, 380 mg/g; daidzein, 944 mg/g; equol, 50.3 mg/g; O-DMA, 217 mg/g; enterolactone, 2240 mg/g; and enterodiol, 240 mg/g creatinine. Multivariate analyses showed statistically significant differences among many of the demographic subgroups. Adolescents had higher concentrations of genistein and equol than adults. Non-Hispanic whites had higher concentrations of enterodiol and equol than Mexican Americans or non-Hispanic blacks. Non-Hispanic whites also had higher concentrations of enterolactone and O-DMA than Mexican Americans. Mexican Americans had higher concentrations of genistein than non-Hispanic blacks; however, the opposite was found for O-DMA. Determination of phytoestrogen exposure in the US population will help us to better understand phytoestrogen consumption in the US and will assist us in elucidating the potential role of phytoestrogens in protecting against cancer and heart disease.
Introduction
Dietary ingestion of a variety of naturally occurring phytochemicals is believed to benefit human health. For example, ingestion of these chemicals has been linked to a reduced risk for various cancers and heart disease. Phytoestrogens, one group of phytochemicals, are nonsteroidal plant-derived chemicals that can mimic the function of estrogen in the body. The bulk of the dietary dosage of phytoestrogens is attributed to two major phytoestrogen classes: isoflavones and lignans. The most significant sources of isoflavones are soybean and soy products (Table 1) , especially fermented soy products (Reinli and Block, 1996; Coward et al., 1998; Murphy et al., 1999) . Lignans are primarily found in oilseeds such as flaxseed (Table 1) , and in lesser amounts in whole legumes, whole grain cereals, vegetables, and fruits . The primary isoflavones found in plants are genistein, daidzein, formononetin, glycitein, and biochanin-A; the primary lignans found in plants are secoisolariciresinol, matairesinol, and the recently identified pinoresinol, lariciresinol, and syringaresinol (Adlercreutz, 2002) .
Phytoestrogens may be present in the human diet in substantial amounts (Irvine et al., 1998; Murphy et al., 1999) (Table 1) . Estimated consumption of phytoestrogen-rich foods by a multiethnic population in California was 12-28 servings per month (Horn-Ross et al., 1997) . However, Setchell reported the main soy byproducts found in Western diets are oil and lecithin, which are low in phytoestrogens. Thus, he implied that the average daily intake of isoflavones is likely to be low (i.e., o1 mg/day) (Setchell and Cassidy, 1999) . However, food habits have changed in Western countries during the past decade, and soy products are increasingly advertised for their potential health benefits. In addition, relatively high levels of isoflavones occur in commonly consumed foods, such as doughnuts, pancake, waffles, and bread, which contain soy additives. These food sources, coupled with increasing use of commercial soy supplements, suggest the potential for phytoestrogen consumption in the United States is higher than previously thought.
Phytoestrogens are present in foods primarily as their b-glucoside conjugates, which are not absorbed by the body (Setchell et al., 2002b) . Both isoflavone and lignan glucosides undergo significant metabolism in the intestines by colonic microflora to produce their aglucones (Day et al., 1998; Rowland et al., 1999) . Further metabolism (Figure 1 ), including dehydroxylation, reduction, demethylation, ring cleavage, and ring formation, can occur in the intestines. Formononetin and biochanin-A can be demethylated to form daidzein and genistein, respectively. As a result of steric hindrance, glycitein is not demethylated (Zhang et al., 1999; Setchell et al., 2001 Setchell et al., , 2002a . Daidzein is further metabolized to equol and O-desmethylangolensin (O-DMA) and genistein is further metabolized to p-ethylphenol.
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C-tracer studies have shown that equol is derived solely from daidzein, not genistein (Setchell et al., 2003) . Adlercreutz (2002) suggested for pinoresinol, lariciresinol, and syringaresinol, a multistep metabolic pathway that leads to their eventual conversion to enterodiol. Secoisolariciresinol can lose water and methyl groups to form enterodiol or can undergo ring formation and demethylation to form matairesinol. Matairesinol and enterodiol can both metabolize to enterolactone. All metabolites eventually undergo Phase II metabolism in the liver to form glucuronide conjugates and, to a lesser extent, metabolism in the intestinal wall to form sulfateconjugates, which are ultimately excreted in the urine and feces.
Human metabolism and urinary excretion of these metabolites vary substantially Kelly et al., 1995) . About 30-50% of individuals consuming an isoflavone-rich diet excreted daidzein but little or no equol suggesting a significant interindividual variation in daidzein metabolism (Setchell et al., 1984; Kelly et al., 1995; Karr et al., 1997; Lampe et al., 1998; Rowland et al., 2000) . Sex, antibiotic use, and basal diet composition have been identified as factors influencing phytoestrogen metabolism. Equol formation can be manipulated by the content of carbohydrates in the diet. For example, a diet high in carbohydrates and lower in fat increases the production of equol (Lampe et al., 1998; Setchell and Cassidy, 1999; Rowland et al., 2000) .
Many studies have associated phytoestrogen consumption and/or excretion with reduced risk for hormone-dependent cancers, as well as for coronary heart disease, symptoms of menopause and osteoporosis (Adlercreutz et al., 1992; Adlercreutz 1995; Gambacciani et al., 1997; Anderson et al., 1999; Cassidy and Griffin, 1999; Adlercreutz 2002; Bhathena and Velasquez, 2002; Clarkson, 2002; de Kleijn et al., 2002) . For example, soy ingestion in rodents has been associated with a decrease in the growth of breast cancer tumors (Barnes et al., 1990) , and flaxseed ingestion protects against both breast and colon cancers in rodents Thompson, 1991, 1992) . Similar studies in humans have shown that dietary consumption of phytoestrogens decreases the risk for breast cancer (Adlercreutz et al., 1987 (Adlercreutz et al., , 1997 Ingram et al., 1997; Adlercreutz and Mazur, 1997) and prostate cancer (Severson et al., 1989) . In addition, links have been shown between phytoestrogen consumption and colon cancer although they remain controversial (Messina and Bennink, 1998) .
Other beneficial health effects of phytoestrogen consumption have been reported. Soy protein has been shown to lower, in a dose-dependent fashion, total cholesterol, LDL cholesterol, and triglycerides in both humans and animals (Anderson et al., 1995) . Through this mechanism and others, phytoestrogens are thought to protect against coronary heart disease ( Clarkson and Anthony, 1998; Cassidy and Griffin, 1999) . Additionally, phytoestrogen consumption has been linked loosely with relief of menopausal symptoms such as hot flashes, although the validity of these data are under debate (Adlercreutz et al., 1992; Vincent and Firzpatrick, 2000; Kim et al., 2002; Kurzer, 2002) .
Despite the demonstrated beneficial effects, it is naive to assume that exposure to phytoestrogens is always good. Inappropriate or excessive exposure may be harmful, depending upon the timing and relative levels of the alpha and beta estrogen receptors, coactivators and corepressors present in the cell (Davis et al., 1999) . For example, phytoestrogen exposure during hormone-mediated life stages, Franke et al., 1995; Reinli and Block, 1996; Lampe 2003 such as adolescence or pregnancy, may alter the normal hormone functions during that period. This is an area of much current focus and debate.
Phytoestrogens have been measured in urine (Adlercreutz et al., 1986 (Adlercreutz et al., , 1991 (Adlercreutz et al., , 1995b Horn-Ross et al., 1997; Roach et al., 1998 , Lampe et al., 1998 Uehar et al., 2000; Dai et al., 2002; Kim et al., 2002; Valentı´n-Blasini et al., 2003) ; feces (Adlercreutz et al., 1995a) ; serum (Anderson et al., 1995; Stumpf et al., 2000; Morton et al., 2002 Figure 1 . A schematic representation of the reported metabolism of isoflavones (a) and lignans (b). Gooderham et al., 1996; Uehar et al., 2000; Arai et al., 2000; L'homme et al., 2002) ; breast milk (Franke et al., 1999) ; breast tissue (Maubach et al., 2003) ; and amniotic fluid Foster et al., 2002) ; however, urinary measurements are typically the most common. Urinary phytoestrogen levels have been reported in several populations in the United States and abroad (Adlercreutz et al., 1991; Hutchins et al., 1995a; Horn-Ross et al., 1997; Roach et al., 1998; Lampe et al., 1999; Arai et al., 2000; Dai et al., 2002; Valentı´n-Blasini et al., 2003) . Men who consumed soy-or tempeh-enhanced diets had isoflavone concentrations about 10-fold higher than those on selfselected diets (Hutchins et al., 1995b) . Adult white women in San Francisco excreted higher amounts of lignans than Latina and Asian women living in the same area; however, the Latina and Asian women excreted higher amounts of the isoflavones (Horn-Ross et al., 1997) . Of the studies reported, Chinese and Dutch women excreted higher amounts of urinary lignans (den Tonkelaar et al., 2001) whereas Asian populations in China (Roach et al., 1998; Dai et al., 2002) and Japan (Uehar et al., 2000; Arai et al., 2000) excreted higher amounts of isoflavones. Interestingly, urinary isoflavone concentrations in Korean women were similar to those in Americans (Kim et al., 2002) . We report nationally representative urinary concentrations of phytoestrogens in the US population. Our data are stratified by age, sex, and race/ethnicity. These data will give us a better understanding of phytoestrogen consumption in the US population.
Materials and methods

Subjects
The National Health and Nutrition Examination Survey (NHANES), conducted by the National Center for Health Statistics of the Centers for Disease Control and Prevention (NCHS/CDC), is designed to measure the health and nutrition status of the civilian non institutionalized US population (www.cdc.gov/nchs/nhanes.htm). In 1999, NHANES became a continuous survey. Each year of data collection is based on a representative sample covering all ages of the civilian noninstitutionalized population. Public use data files are released in 2 year groupings (cycles). National population estimates for phytoestrogens and estimates for the three largest racial/ethnic subgroups in the US population (non-Hispanic white, non-Hispanic black, and Mexican American) were derived from the first 2 year cycle of the survey, NHANES 1999-2000 (Centers for Disease Control and Prevention, 2003) .
The sampling scheme for NHANES is based on a complex multistage area probability design that includes selection of primary sampling units (counties), household segments within the counties, and sample persons from selected households. In 1999 and 2000, persons aged 12-19 years and 60 years and older, non-Hispanic blacks, and Mexican Americans were over sampled. Low-income white Americans were over sampled in . In addition, in 1999 women who indicated in the screening interview that they were pregnant were selected into the sample to increase the sample size for pregnant women. Data were collected through a household interview, and a standardized physical examination conducted in a mobile examination center. Urine specimens for analyses were collected during this examination throughout the day from participants 6 years of age and over. Sociodemographic information and medical histories of the survey participant and the family were collected during the household interview.
NHANES 1999-2000 was conducted in 26 locations throughout the United States and included examinations of 9282 persons. For the phytoestrogens, measurements were conducted for a subset of samples based on a random onethird sample of people. Since the subset was a random selection of samples from the entire set, the representativeness of the survey was maintained.
Analytical method
During the physical examinations, a series of urine specimens were collected from participants, aliquoted, and stored cold (2-41C) or frozen until shipment. Samples collected for creatinine analysis were analyzed using an automated colorimetric determination based on a modified Jaffe reaction using a Beckman Synchron AS/ASTRA clinical analyzer (Beckman Instruments, Inc., Brea, CA, USA) at the University of Minnesota's Medical Center. Samples collected for phytoestrogen analysis were shipped on dry ice to CDC's National Center for Environmental Health for laboratory analysis. Levels of phytoestrogens in urine were measured using solid phase extraction (SPE) followed by HPLC and tandem mass spectrometry, with minor modifications to the method previously described (Valentı´n-Blasini et al., 2000) . Briefly, urine samples were spiked with stable isotope-labeled internal standards and deconjugation internal standards. Glucuronide-and sulfate-bound phytoestrogens were hydrolyzed by the enzyme b-glucuronidase/sulfatase (Helix pomatia, H-1, Sigma Chemical, St. Louis, MO, USA) during an overnight incubation at 371C. The hydrolysates were extracted using Oasis HLB SPE columns (60 mg; Waters Scientific, Beverly, MA, USA). The phytoestrogens in the extracted samples were separated by reversedphase HPLC (50 mm C-18 column, Keystone Scientific, Bellafonte, PA, USA) and measured by tandem mass spectrometry (Sciex API 3000, Perkin-Elmer Sciex Instruments, Wellesley, MA, USA) using heated nebulizer atmospheric pressure chemical ionization in the negative ion mode. Phytoestrogen concentrations were calculated using isotope dilution calibration plots. Urinary concentrations of the phytoestrogens are reported as nanograms per milliliter and as micrograms per gram of urinary creatinine.
Statistical analysis
Geometric means (GMs), least-squares geometric means (LSGMs), and distribution percentiles (including confidence intervals) of phytoestrogen concentrations were calculated using SAS release 8 and SUDAAN release 7.5. 6. SUDAAN incorporates the NHANES sampling weights and adjusts for the complex sample design of the survey. Survey sample weights were used in all analyses to produce estimates that were representative of the noninstitutionalized, civilian US population. Concentrations below the analytic limits of detection (LOD) were replaced with an imputed value equal to the LOD divided by the square root of two (Hornung and Reed, 1990) . Since the data were skewed, they were log 10 -transformed prior to statistical analysis.
Analyses of covariance (ANCOVA) were performed using SUDAAN to determine the concentration differences among the demographic groups and to produce the LSGMs, which are GMs corrected for the covariates. In the ANCOVA analyses, creatinine was used as a covariate to correct for demographic differences in creatinine excretion while also correcting for variation in urine dilution among spot urine samples. In addition, potential interactions related to tobacco use were accounted for in the ANCOVA by including serum cotinine concentrations in the analyses. Sex, race and age were the only other variables included in the ANCOVA analysis. Cotinine is a metabolite of nicotine and is considered a viable biomarker for exposure to tobacco smoke (Bernert, Jr. et al., 1997) . Concentration differences were considered statistically significant if Po0.05, and marginally significant if P-value was greater than 0.05 but less than 0.1.
Results
Population distributions of phytoestrogen concentrations are shown in Tables 2 and 3 . Data are shown as both volumebased and creatinine-adjusted concentrations and are stratified by age group, sex and race/ethnicity. The LSGMs of each demographic group corrected for all covariates are shown in Table 4 and Figure 2 . All phytoestrogens were detected in more than 70% of the samples analyzed. Daidzein was most frequently detected in the samples. Enterolactone was found in the highest concentrations with a GM of 217 mg/g creatinine, and the isoflavone O-DMA was found in the lowest concentrations, with a GM of 3.95 mg/g creatinine (Tables 2-4) .
Most of the urinary phytoestrogens highly correlated with one another (Table 5 ). Genistein and daidzein highly Upper and lower 95th confidence intervals of each quantile are shown in parentheses. These data are shown as total population data and are divided into demographic subgroups based upon participants race/ethnicity, sex, and age. a a All population data, including those individuals not grouped into one of the three composite racial/ethnic categories presented. O-DMA, O-desmethylanolensin; N, sample size; GM, geometric mean; 10th, 10th percentile of distribution; 50th, 50th percentile or median of distribution; 90th, 90th percentile of distribution; 95th, 95th percentile of distribution; Max, maximum value measured; oLOD, less than limit of detection. Upper and lower 95th confidence intervals of each quantile are shown in parentheses. These data are shown as total population data and are divided into demographic subgroups based upon race/ethnicity, sex, and age a All population data, including those individuals not grouped into one of the three composite racial/ethnic categories presented. O-DMA, O-desmethylanolensin; N, sample size; GM, geometric mean; 10th, 10th percentile of distribution; 50th, 50th percentile or median of distribution; 90th, 90th percentile of distribution; 95th, 95th percentile of distribution; Max, maximum value measured; oLOD, less than limit of detection. Significant difference at Po0.05 using Mexican American as reference. c Significant difference at Po0.05 using adults as reference.
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The greatest phytoestrogen concentration differences were observed among racial/ethnic groups. Non-Hispanic whites had higher concentrations of enterodiol (P ¼ 0.001, and 0.004) and equol (Po0.0001 and 0.0003) than Mexican Americans and non-Hispanic blacks. Non-Hispanic whites also had higher concentrations of enterolactone (P ¼ 0.039) and O-DMA (Po0.0001) than Mexican Americans. Mexican Americans had higher concentrations of genistein (P ¼ 0.005) than non-Hispanic blacks; however, the reverse was found for O-DMA (P ¼ 0.0002).
Concentration differences were also observed among age groups and sexes. Children had higher concentrations of daidzein and equol than adults, but the differences were of marginal significance (P ¼ 0.067 and 0.071, respectively). Adolescents had significantly higher concentrations of genistein (P ¼ 0.046) and equol (P ¼ 0.011) than adults, but the concentrations of daidzein were only marginally higher (P ¼ 0.063). Males had higher levels of daidzein, but females had higher levels of enterodiol. The sex differences were marginally significant (P ¼ 0.077 and 0.074, respectively).
To evaluate the differential metabolism of daidzein into equol in the intestines, we calculated the daidzein : equol ratios for each demographic group (Table 6) . Mexican Americans had significantly higher ratios than non-Hispanic blacks and non-Hispanic whites. Although non-Hispanic blacks had higher ratios than non-Hispanic whites, the difference was only marginally significant. No differences were observed among age groups. We observed a significant interaction between sex and concentrations of serum cotinine, which is a metabolite of nicotine and a biomarker of exposure to tobacco smoke; therefore, the comparison between males and females was performed at the geometric mean of cotinine, which was around 0.38 ng/ml. At this level of cotinine, the statistical significance of the difference between males and females was P ¼ 0.030; however, the difference became more significant as the cotinine level decreased (e.g., P ¼ 0.01 for the same difference at a cotinine concentration of 0.10 ng/ml). The daidzein:equol ratio increased for females if they were smokers, making their values more comparable to those of males.
Discussion
Consistent with our previous findings in a nonrepresentative subset of the US population (Valentı´n-Blasini et al., 2003) , phytoestrogens were found in the majority of the urine samples. Enterolactone was found in the highest concentrations and with high frequency, probably because of diets high in whole grains and cereals. Enterodiol, daidzein, and genistein were also consistently present in over 90% of the samples, albeit at concentrations (B20-75 ng/ml) much lower than enterolactone. Not surprisingly, genistein and daidzein were highly correlated, suggesting a common source of exposure, such as from soy products. Similarly, daidzein concentrations were correlated to its metabolites, equol and O-DMA. The lower correlation between equol and daidzein may be a byproduct of the differential metabolism of daidzein to equol in the gut. Genistein also correlated well with O-DMA, probably reflecting the common sources of genistein and the O-DMA precursor, daidzein. Enterolactone and enterodiol were also highly related, suggesting a common source, such as flax seed. Surprisingly, most urinary phytoestrogens showed some significant positive correlation with each other, except for enterodiol and genistein. This may be partially an artifact of the large sample size but also may demonstrate that those individuals who typically consume soy products or supplements in their diets may also consume other phytoestrogen-containing products.
The phytoestrogen concentrations varied widely among races. Non-Hispanic whites tended to have the highest levels of all phytoestrogens except genistein. Similar to another study evaluating a multiethnic population (Horn-Ross et al., 1997) , Mexican Americans had the highest concentrations of genistein. Conversely, non-Hispanic blacks had the lowest phytoestrogen concentrations of daidzein and genistein.
The variations among races/ethnicities are not surprising. Cultural diets have long been known to be associated with excretion of phytoestrogens (Adlercreutz et al., 1991; HornRoss et al., 1997; Uehar et al., 2000) . Diets high in whole grains and soy are typically phytoestrogen-rich, and people consuming these diets would have higher phytoestrogen concentrations. The dietary differences among the three predominant US races/ethnicities probably are largely responsible for the differences we found in urinary phytoestrogen concentrations.
Phytoestrogens metabolism is highly influenced by factors such as basal diet composition, composition of the gut microflora, endogenous hormones and antibiotic use (Adlercreutz et al., 1986) . Since daidzein metabolism to equol in the gut reportedly varies, individuals are classified as ''equol producers'' or not, depending upon how efficiently they metabolize daidzein to equol (Setchell et al., 2002a) . Equol production is important because equol is 100 times more estrogenic than daidzein (Bennetau-Pelissero et al., 2000) . We found ratio differences between sexes and among racial/ ethnic groups; however, age did not appear to be a significant variable. Males had significantly higher daidzein-equol ratios than females, indicating that males were generally less efficient at converting daidzein to equol. In addition, we found large differences among the races/ethnicities. Since an interaction was seen between cigarette smoke exposure (as evaluated by serum cotinine concentrations) and sex, the daidzein:equol ratio LSGMs for sex were determined at a cotinine concentration of 0.38 ng/ml. NA ¼ not applicable ; CI; confidence intervals.
In general, non-Hispanic whites had the lowest daidzein: equol ratios, indicating the most efficient metabolism of daidzein. Non-Hispanic blacks had much higher ratios than did either non-Hispanic whites or Mexican Americans. Before this report, no significant gender differences in daidzein:equol metabolism had been observed (Setchell et al., 2002a) . Several studies have suggested a partial dietary origin for these daidzen:equol differences, which may explain the differences among races/ethnicities. For example, Setchell and Cassidy, 1999 found that metabolic conversion of daidzein to equol in human fecal flora could be manipulated by adjusting the carbohydrate content of the feed matter. Equol was formed more effectively with high carbohydrate concentrations than with low carbohydrate concentrations. Lampe et al. (1998) reported that women who consumed a large fraction of their calories as carbohydrates were more effective producers of equol. In addition, Rowland et al. (2000) found individuals were better equol producers when they consumed less fat and more carbohydrate in the diet. In recent years, Americans have turned to low-fat diets that are often high in processed ''low-fat'' foods, which typically contain higher sugar and carbohydrate contents. Therefore, this diet would tend to promote equol production. It is plausible, then, that dietary differences in fat and carbohydrate consumption, as may be seen among cultural diets, could dramatically impact the daidzein:equol ratio in our population.
Many other studies have evaluated the same phytoestrogens in urine. We previously analyzed 199 urine samples collected as a part of the third NHANES (NHANES III, 1988 in a nonrepresentative convenience sampling of adults selected for the survey (Valentı´n-Blasini et al., 2003) . We found phytoestrogens with similar frequency and magnitude in the two studies.
Phytoestrogen concentrations have been measured in many selected populations (Table 7) . In general, our overall concentrations were similar to those in US, adults with non supplemented diets. However, populations with isoflavoneenriched diets, whether by food or dietary supplements, generally had isoflavone concentrations much higher, sometimes two orders of magnitude higher. In addition, Asian populations typically had much higher concentrations as well. With a few exceptions, the lignan concentrations were generally comparable among the different studies.
To date, no studies other than ours have focused on phytoestrogen exposure in school-aged children and adolescents. These important population groups should not be ignored in future studies. We found higher concentrations of two isoflavones in the urine of children. With the high estrogenic potential of the isoflavones and the relative vulnerability of children, the high phytoestrogen concentrations may impart a serious effect, whether beneficial or adverse. In addition, pubertal children and adolescents may be particularly sensitive to the estrogenic effects of phytoestrogens because of the hormone-mediated development during this life stage. These data suggest that children and adolescents are receiving exposure to phytoestrogens, comparable to or greater than adults; therefore, the potential impact on their growth and development should be evaluated. Although these data are a benchmark in nutritional science, they are not without limitations. Since the Asian American population sampled was comparatively small and specific racial/ethnic demographic information was not obtained for these individuals, their phytoestrogen consumption in relation to the rest of the US population could not be evaluated. This is particularly unfortunate since most studies show that Asian populations consume more phytoestrogenrich foods. In addition, because of confidentiality concerns for study participants, geographic information was not publicly released, so regional variations in phytoestrogen consumption could not be determined.
In conclusion, these data provide an assessment of the phytoestrogen exposure in the US population. They were derived from a large number of samples appropriately representing the heterogeneity of the US population allowing for a more viable comparison of various population subgroups. Phytoestrogen exposure in Western populations was believed to be very small, with an isoflavone exposure of less that 1 mg/day. However, our data indicate that the majority of the population has some exposure to phytoestrogens.
We found statistically significant differences among age groups and racial/ethnic groups but no gender differences. In general, non-Hispanic whites had the highest phytoestrogen concentrations and non-Hispanic blacks had the lowest concentrations. Adolescents and children had higher concentrations of daidzein and equol than adults; adolescents also had higher levels of genistein.
These data are the first nationally representative data on urinary phytoestrogen concentrations in the United States. They indicate that although the US population has some intake of isoflavones, whether by diet composition or dietary supplementation, the levels are typically far lower than levels in ethnic populations such as Asians that have high soy consumption. Conversely, the lignan concentrations are comparable with many study populations.
To date with the exception of some infant studies, few studies have focused on children as a target population. These data suggest that children and adolescents receive some exposure to phytoestrogens and the potential impact on their growth and development should be studied.
These data will give us a better understanding of phytoestrogen consumption in the US population. By coupling these data with other health information collected on these individuals, we may be able to better understand their possible health impact.
